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(54) PROCESS FOR PRODUCING PERFLUOROVINYL ETHERSULFONIC ACID DERIVATIVES AND 
COPOLYMER OF THE SAME 



(57) A compound represented by the general for- 
mula (1): FS0 2 CFXCF 2 0(CFXCF 2 0) n CF(CF 2 Y)COF, 
wherein X is a fluorine or chlorine atom or trifluorome- 
thyl; Y is a fluorine, chlorine, bromine, & iodine atom; 
and n is 0, 1, or 2, is converted to a compound repre- 
sented by the genera) formula (2): MOS0 2 CFXCF 2 
0(CFXCF 2 0) n CF(CF 2 Y)COOM 1 . wherein X,Y, and n 
are each defined above; and M and M 1 may be the 
same or different and each represents an alkali metal or 



alkaline earth metal atom. The compound (2) is then 
thermally decomposed at 150 to 250 °C to obtain a vinyl 
ethersulfonic acid derivative represented by the general 
formula (3): AS0 2 CFXCF 2 0(CFXCF 2 0) n CF=CF 2 . 
wherein X and n are each as defined above; and A is 
OM, OH, or fluorine. This process can provide the vinyl 
ethersulfonic acid derivative (3) while preventing the 
compound (1) from undergoing cyclization. 
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EP 1 026 152 A1 
Description 

FIELD OF THE INVENTION 

« • 

5 [0001 ] The present invention relates to a process of the preparation of a peifluorovinyl ethersulfonic acid derivative, 
and a copolymer comprising such a derivative. In particular, the present invention relates to an improved process for 
synthesizing a perf luorovinyl ethersulfonic acid derivative which can be used as a monomer to prepare a strongly acidic 
fluorine-containing polymeric electrolyte, and the use of such a derivative as a monomer of a block copolymer. 

w PRIOR ART 

[0002] In general, perfluorovinyl ethersulfonic acid derivatives are synthesized according to a reaction path shown 
in following Scheme 1 : 
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[0003] In the conventional reaction, the intramolecular cyclization of a compound takes place in the final pyrolysis 
step depending on the number of n (see Scheme 1), and thus, the yield of intended vinyl ethers may decrease, or the 
cyclization reaction selectively proceeds particularly when n is 0. Therefore, CF 2 =CFOCF 2 CF 2 S02F (I!) cannot be 
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obtained. # 

[0004] Accordingly, a compound of the formula (I) in which n is 1 or 2 is selected and practically used as a monomer 
for a sulfonic acid type ionomer. 

[0005] Carboxylic acid type ionomers are also proposed as sucji ionomers, and a crystalline copolymer comprising 
CF 2 =CF[OCF 2 CF(CF3)] n OCF 2 CF 2 COOH and tetrafluoroethylene is commonly used. 

[0006] Sulfonic acid type ionomers and carboxylic acid type ionomers have their own advantages and disadvan- 
tages, and they have complementary characteristics to each other. It is known that their properties are improved by var- 
ious methods such as modification or compounding, when they are used in the form of an ion-exchange membrane. 
[0007] The above compound (II) has a good copolymerizing reactivity with various olefins, and can be easily copo- 
lymerized with, in particular, tetrafluoroethylene to give an ionomer having a large ion-exchange capacity. In view of 
such utility of the compound (II), it has been proposed to synthesize the compound (II) according to the reaction path 
of following Scheme 2 while avoiding the formation of cyclic compounds in Scheme 1 : 

Scheme 2 

CF2=CF 2 +S0 3 CF 2 -CF 2 ^-^L KOCF2CF2SO2F 

0 2 S O ^X^-KP 

FCOCF 2 S0 2 F 
CF 2 CI \s 

FS0 2 CF 2 CF 2 OCFCOF ^ CF 2 CIC£-CF 2 



Na2C0 3 
Pyrolysis 
FS0 2 CF 2 CF 2 OCF=CF 2 



O 



[0008] However, this process has a problem that it should use a special chlorine-containing epoxy compound. A 
method is also known, which comprises ring opening the cyclic compound in Scheme 1 with an alkali metal alcoholate 
to obtain the compound (II), but no satisfactory result has been attained. 

[0009] Such known copolymeric ionomers are crystalline and designed so that they are not swelled with or dis- 
solved in water. Thus, it has been believed that copolymers having a high ion-exchange capacity of 600 g/mole or less 
would have less utility. However, water-soluble amorphous copolymers having a high ion-exchange capacity can be 
readily obtained, when the compound (II) is used in the form of a water-soluble salt having the formula: 

CF2=CFOCF 2 CF2S03Na (III) 

is used and copolymerized with tetrafluoroethylene, trifluoroethylene. vinylidene fluoride, ethylene, etc. 
[0010] When such amorphous copolymers are further subjected to a living radical polymerization, which is known 
as "an iodine-transfer polymerization method'' (see "KOBUNSHI RONBUNSHU" (Collected Papers on Polymers), Vol. 
49, No. 10 (1992) 765-783, and Polymeric Materials Encyclopedia, Vol. 5. 3847-3860 (CRC Press)), to obtain block or 
graft copolymers with water-insoluble polymers such as copolymers of tetrafluoroethylene with hexafluoropropylene or 
a perfluoroalkyl vinyl ether (e.g. CF^CFOQiFy), which are known as TEP" or "PFA", polyvinyl id ene fluoride, or other 
f luoropolymers, the obtained polymers become water-insoluble and have a minimum swelling property in water. Accord- 
ingly, ionomers having a large ion-exchange capacity of 600 g/mole or less and good mechanical properties can be 
obtained. 

[001 1 ] The same measures can be applied to the carboxylic acid type ionomers. 

[0012] From such a viewpoint, an effective synthesis method of a sulfonic acid derivative having a minimally stable 
structure such as a compound of the formula (III) is desired to design an ionomer having a large ion-exchange capacity. 

SUMMARY OF THE INVENTION 



[001 3] As the result of extensive studies, it has been found that, when a raw material having a-S0 2 F group used in 




the final reaction step in Scheme 1 is once converted to a sulfonate salt (e.g.-S0 3 Na), completely dried and then pyro- 
lyzed, the raw material can be converted to a desired product while suppressing the cyclization reaction. 
[0014] AccorcfingJy, the present invention provides a process for the preparation of a vinyl ethersulfonic acid deriv- 
ative comprising the steps of : 

5 

converting a compound of the formula (1): 

FS02CFXCF 2 0(CFXCF 2 0) n CF(CF 2 Y)COF (1) 

10 wherein X is a fluorine atom, a chlorine atom or a trifluoromethyi group, Y is a fluorine atom, a chlorine atom, a bro- 
mine atom or an iodine atom, and n is a number of 0 to 5, preferably 0. 1 or 2 
to a compound of the formula (2): 

MOS0 2 CFXCF 2 0(CFXCF 2 0) n CF(CF2Y)CXX)M 1 (2) 

15 

wherein X, Y and n are the same as defined above, and M and M 1 independently represent an alkali metal atom or 

an alkaline earth metal atom, 

and 

pyrolyzing a compound of the formula (2) at a temperature of 1 50 to 250°C to obtain a compound of the formula (3): 

20 

MOS0 2 CFXCF 2 0(CFXCF 2 0) n CF=CF 2 (3) 
wherein X, M and n are the same as defined above. 
28 BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig. 1 is the 19 F-NMR spectrum of the aqueous solution of a pyrolyzed product obtained in the step 1 .6) of Example 
so 1. 

Fig. 2 is the 19 F-NMR spectrum of the aqueous solution of a pyrolyzed product obtained in the step 1 .7) of Example 

1. 

Fig. 3 is the 19 F-NMR spectrum of the aqueous solution of NaS0 3 CF 2 CF 2 OCF (CF 3 )COONa. 
as DETAILED DESCRIPTION OF THE INVENTION 

[001 6] For example, in the case of FS0 2 CF 2 CF 2 OCF(CF 3 )COF, the FS0 2 -group does not react with Na 2 C0 3 . and 
only the -COF group is converted to a -COONa group, when FS0 2 CF 2 CF 2 OCF(CF 3 ) COF is treated with Na 2 C0 3 in a 
glyme according to the conventional method. Thus, when the resulting compound is pyrolyzed, it forms only a cyclic 
40 compound (see the bottom of Scheme 1). 

[0017] According to the present invention, a -COF group is converted to a -COOM group, and also a FSO^- group 
is converted to a MOS0 2 group, using the aqueous or alcoholic solution of the hydroxide of an alkali metal or an alkaline 
earth metal. 

[0018] This reaction can be carried out by hydrolyzing or neutralizing a compound of the formula (1) or its ester 
45 derivative with the aqueous or alcoholic solution (or dispersion) of the hydroxide of an alkali metal or an alkaline earth 
metal. When an ester derivative is used, it is necessary to proceed the reaction until the pH of the reaction system 
reaches 9. 

[001 9] A decarboxylate reaction by pyrolysis in the latter step of the process of the present invention can convert, 
for example, NaS0 3 CF 2 CF 2 OCF(CF3)COONa as such to NaS0 3 CF 2 CF 2 OCF=CF 2 by solid phase pyrolysis. after the 
so complete drying of NaS0 3 CF 2 CF 2 OCF(CF 3 )COONa. However, better results are attained, when the decarboxylate 
reaction is carried out using the dispersion of a starting compound in an inert solvent, since side reactions tend to take 
place in the solid phase pyrolysis, as can be seen from Scheme 1 . 

[0020] Perfluorinated, perfluorochlorinated. or partially hydrogenated or etherified f luorocarbons can be used as 
inert solvents. Solvents having a boiling point of 200°C or higher under atmospheric pressure are preferable, since the 
55 reaction can be carried out under atmospheric pressure. Typical examples of such solvents include CI(CF 2 CFCI) n CI 
(n=3 or 4), CF 3 [OCF(CF 3 )CF2] m F(m = 6 to 8), etc. 

[0021 ] The decarboxylate reaction is carried out generally at a temperature of 1 50°C or higher, preferably 200°C or 
higher. Good results are attained, when the reaction is carried out and terminated in a short time at a temperature of 
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200°C or higher. 

[0022] In a more preferred embodiment the dispersion of the above salt in an inert solvent is continuously supplied 
in a tubular reactor kept at a temperature of 200°C or higher, and the salt is decarboxylated in a certain time. Then, the 
reaction mixture is removed from the reactor, and the product is isolated from the solvent The solvent may be recycled. 
[0023] The preparation method of the present invention is particularly suitable to prepare a compouirt of the for- 
mula (III), that is. in the case of a compound of the formula (I) in which n is 0, while it can be applied to the preparation 
of a derivative of the formula (2) in which n is 1 or larger. 

[0024] The process of the present invention provides a vinyl ethersulfonate salt This salt can be converted to asul- 
fonyl chloride by the treatment with a phosphorus chlorida Furthermore, this salt can be converted to a sulfonyl fluoride 
by the treatment with an alkali metal f luorida 

[0025] According to the process of the present invention, a vinyl ethersulfonate salt is Tdi re^tiyjiD^Kel Tliug'^ 



product can be polymerized in an aqueous polymerization method using water as « MTOIWJ „. ,™ ^ ^ t * 
is converted to a sulfonyl fluoride, and the sulfonyl fluoride is polymerized by solution. £iS^sKe^o^c^i^ 
erization in a fluorocarbon solvent 

[0026] A vinyl ethersulfonic acid derivative prepared by the process of the present invention can be readily copoly- 
merized in the presence of a radical polymerization initiator with one or more comonomers such as tetrafluoroethyiene, 
vinylidene fluoride, trifluoroethylene. chlorotrifluoroethyiene, ethylene, etc. Furthermore/a vinyl ethersulfonic acid I deriv- 
ative is terpolymerized with one or more of the above comonomers and also hexaf luoropropylene. a perf luoro(aikyi vinyl 
ether), etc. to obtain random copolymers or alternating copolymers as the case may be. 

[0027] Particularly advantageous copolymers in the present invention are those containing at least 20 mole %, pref- 
erably 30 to 50 mole % of a vinyl ethersulfonic acid derivative. 

[0028] In the first step of the polymerization process of the present invention, the above monomers are supplied in 
an aqueous solution of an alkali or alkaline earth metal saJt preferably containing a vinyl ethersulfonic acid or its ammo- 
nium salt, in the presence of a water-soluble radical polymerization initiator such as ammonium persulfate in a neces- 
sary amount to initiate polymerization, and a required amount of a perfluoroalkylene diiodide or a perfiuoroalkenyl 
iodide having an unsaturated bond (e.g.. CF^CFI, CF 2 =CFOCF 2 CF 2 l. eta), which is used to perform an iodine-trans- 
fer polymerization reaction. Such a polymerization method itself is known (see. for example. Collected Papers on Poly- 
mers, Vol. 49. No. 10 (1992) 765-783) . This polymerization mode is applicable especially to the preparation of water- 
soluble polymers. 

[0029] Following the above first step of the polymerization (the polymer segment obtained in the first step being 
referred to as "Segment A"), the second step of the polymerization is carried out (the polymer segment obtained in the 
second step being referred to as "Segment B") and thus block copolymers having a structure of B-A-B or A-B. or graft 
polymers can be obtained. 

[0030] In the second step of the polymerization, the water-soluble polymer obtained in the first step may be liber- 
ated with a strong acid such as hydrochloric acid to remove the effective amount of a vinyl ethersulfonate salt monomer, 
and the fresh aqueous solution of the polymer is prepared. Then, the above-described monomers are polymerized in 
the absence of an iodide, unlike the first step. Thereby, a water-insoluble and generally crystalline block copolymer com- 
prising bonded f luororesin segments is obtained. In this case, the prepared block copolymer is recovered in the form of 
an emulsion or a suspension comprising fine particles. 

[0031 ] The molecular weight of the segment A is usually from about 5.000 to about 1 ,000,000, and can be control- 
led by the yield of a prepared polymer and the supplied amount of an iodide. The weight ratio of the segment A to the 
segment B can be arbitrarily selected from a range between 982 and 5:95. preferably between 95:5 and 40:60. Con- 
sequently, the molecular weight of the whole block polymer is from about 5,000 to about 3,000.000. 
[0032] In the block polymer of the present invention, a water-insoluble crystalline segment B can be bonded to a 
segment A by relatively increasing the concentration of one or more monomers other than a vinyl ethersulfonic acid in 
the second polymerization step after the completion of the first polymerization step, and the change of a monomeric 
composition can be continuously carried out Such a structure of a blockpolymer is called "taperedblock". In an actual 
preparation method, the polymerization is continued while adding a vinyl ethersulfonic acid or reducing the relative con- 
centration of one or more copolymerizable monomers to maintain a constant composition, since the concentration of a 
vinyl ethersulfonic acid in an aqueous solution decreases as the polymerization proceeds in the first polymerization 
step. When the latter measure, that is, the decrease of copolymerizable monomers, is employed, the polymerization 
can be switched from the first polymerization step to the second polymerization step by discontinuous^ increasing the 
concentration of one or more copolymerizable monomers after sufficiently decreasing the concentration of the remain- 
ing vinyl ethersulfonic acid. 

[0033] As described above, the present invention provides a process for the easy preparation of a vinyl ethersul- 
fonic acid derivative while suppressing side reactions through a novel reaction route which has not been employed, and 
thus makes it possible to synthesize an ionomer, which has not been prepared and can achieve good characteristics 
such as an ion-exchange capacity, electrical resistance, water-resistance, etc. A skilled person in the art can under- 
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stand that, because of the structural characteristics of a block polymer, such an ionomer has a phase-separated struc- 
ture, and thus exhibits specific properties such as selective ion permeability, stereospecificity, etc., which are 
advantageous properties when the ionomer is used as an ion-exchange membrane, a sensor, a selective permeation 
membrane, a catalyst, a solid electrolyte, and a fuel cell comprising a solid electrolyte. 

5 

EXAMPLES 

[0034] The present invention will be illustrated by the following examples. 
10 Example 1 
[0035] 

1.1) S0 3 (20 ml), which had been freshly distilled from SULFAN® was supplied in a 60 ml glass-made pressure 
is autoclave, and the internal atmosphere was replaced and purged with pure nitrogen gas. As soon as tetraf luoroeth- 

ylene was supplied underpressure, an exothermic reaction started. Then, the reaction was continued while adjust- 
ing a temperature in the range between 40°C and 60°C and a pressure in the range between 1 kg/cm 2 and 2 
kg/cm 2 . After 40 minutes, the amount of the product increased to 52 ml. When no further tetrafluoroethylene was 
absorbed, the autoclave was cooled to terminate the reaction. The reaction product was a colorless transparent liq- 
20 uid, and the distillation of the product confirmed that it was substantially pure tetrafluoroethylene-suitone. 

1 .2) Potassium fluoride (4g), which had been fully dried at 300°C, was charged in a 60 ml glass-made pressure 
autoclave, and the autoclave was immediately sealed under the stream of nitrogen gas. Then, diglyme (10ml) was 
supplied, and the suftone (10 ml), which was obtained in the step 1.1 was gradually dropwise added. A vigorous 
exothermic reaction started. It was confirmed by 19 F-NMR that the substantially quantitative isomerization of the 

25 sultone to FS0 2 CF 2 COF was completed, while free FS0 2 CF 2 CF 2 OK was also detected. 

1 .3) Hexafluoropropylene oxide (HFPO) was supplied up to 2 kg/crm^G into the same reactor as used in the step 
1 .2 containing FS0 2 CF 2 COF, which had been prepared under the same conditions as those in the step 1 .2. Imme- 
diately, an exothermic reaction started. Then, the reaction was continued for 3 hours while adjusting a temperature 
in the range between 20°C and 40°C and a pressure in the range between 2 kg/cm 2 and 1 kg/cm 2 . After that, the 

30 rate of pressure dropping decreased. Thus, the reaction was terminated, and the residual gas was discharged. 

The volume of the reaction product was 27 ml, and the reaction product consisted of a yellow upper phase and 
a colorless lower phase. The distillation of the product confirmed that the most of the product (about 90 vol. %) was 
FS02CF2CF20CF(CF3)COF, which is the mono-adduct of HFPO, while slight amounts of FS0 2 CF 2 COF and the 
di-adduct were formed. 

35 1.4) FSC 2 CF 2 CF 2 OCF(CF 3 )COF obtained in the step 1.3 was reacted wfth a large excess amount of methanol, 
and the product was washed with water, dried, and then distilled. Thus, a methyl ester: 
FS0 2 CF 2 CF 2 OCF(CF 3 )COOMe (boiling point: 72-83°Cf760 mmHg) was obtained. 

1.5) The ester obtained in the step 1.4 was neutralized with alcoholic sodium hydroxide, and 
NaS0 3 CF 2 CF 2 OCF(CF 3 )COONa was quantitatively obtained. Alcohol and water were thoroughly removed with a 

40 rotary evaporator under a reduced pressure, and the residue was ground to obtain a white powder. 

1 .6) The powder obtained in the step 1 .5 (1 g) was charged in a 50 ml flask, and vacuum dried in a nitrogen stream 
under pressure of 1 0 mmHg at 1 00°C. Then, it was heated on an oil bath kept at 230°C for 20 minutes. Fig. 1 shows 
the 19 F«NMR spectrum of the aqueous solution of the obtained solid. 

1 .7) The powder obtained in the step 1 .5 (1 g) was charged in a 50 ml flask, and Cl(CF 2 CFCI) 3 CI (5 ml) was added 
45 as an inert solvent. The mixture was vacuum dried under the same conditions as those in the step 1 .6, and then 

heated on an oil bath kept at 220°C for 10 minutes while stirring with a magnetic stirrer. The product was recovered 
by filtration. Fig. 2 shows the 19 F-NMR spectrum of the aqueous solution of the product 

[0036] The product was mainly NaS0 3 CF 2 CF 2 OCF=CF 2 , while a small amount of NaS0 3 CF 2 CF 2 OCFHCF 3 was 
so detected as a by-product 

[0037] For reference, Fig. 3 shows the 19 F-NMR spectrum of the aqueous solution of 
NaS0 3 CF 2 CF 2 OCF(CF 3 )COONa. 

[0038] From the above results, it can be understood that the heat treatment in an inert solvent is excellent from the 
viewpoint of a yield. 
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Example 2 



[0039] 

2.1) The powder of NaS03CF 2 CF 2 OCF=CF 2 , which was prepared in the same manner as that in the step 1.7 of 
Example 1 , was purified by washing with a f luorocarbon solvent (HFC-225). filtration, and recrystallization from iso- 
propanol. Then, the dried product was dissolved in water to obtain a 20 wt % aqueous solution. 

This solution (20 ml), pure water (180 ml) and ammonium persuffate (50 mg) were charged in a 500 ml stain- 
less steel autoclave equipped with a stirrer, and the interior space of the autoclave was thoroughly replaced with 
nitrogen gas. Thereafter, the autoclave was pressurized to 10 kg/crrr^G with tetrafluoroethylene gas, and KCF^I 
(1 ,4-diiodoperf luorobutane) (0.5 g) was charged in the autoclave under pressure. Then, the mixture was heated to 
70°C while stirring. The pressure started to decrease after 30 minutes from the temperature reaching 70°C. When 
the pressure decreased to 10 kg/crr^G, tetrafluoroethylene was supplied under pressure to increase the pressure 
up to 1 1 kg/crrr^G. The reaction was continued for 6.5 hours while repeating the pressure decrease and pressuriz- 
ing with tetrafluoroethylene gas. Thereafter, the reaction mixture was cooled, and the pressure was released to ter- 
minate the polymerization. The product was a colorless, transparent and slightly viscous liquid. 

2.2) A 20 % aqueous solution of NaS03CF 2 CF 2 OCF=CF2 (20 ml) was added to the product obtained in the step 
2.1, and ammonium persuHate (10 mg) was supplemented. Then, the polymerization of tetrafluoroethylene was 
continued in the same manner as in the step 2.1 . After 4 hours, a colorless, transparent and appreciably viscous 
aqueous solution was obtained. 

2.3) In the same autoclave as used in the previous steps, the solution obtained in the step 2.2 (50 ml), pure water 
(150 ml) and the 20 % aqueous solution of NaS03CF 2 CF20CF=CF 2 (20 ml) were charged, and ammonium per- 
sulfate (5 mg) was supplemented. Then, the polymerization of tetrafluoroethylene was continued in the same man- 
ner as in the step 2.1 for 7 hours, and the viscous aqueous solution of a polymer was obtained. 

When 2N hydrochloric acid was dropwise added to the viscous aqueous solution while stirring, the solution 
was separated into two phases. After the solution was kept standing, the polymer gel precipitated in the lower 
phase. The precipitated polymer gel was recovered. Water was added to the recovered polymer gel to form an 
aqueous solution again, and the polymer was precipitated by the addition of 2N hydrochloric acid. These proce- 
dures were repeated one more time (three times in total). The recovered polymer gel was kept standing, and the 
exuded acid phase was fully removed. Then, the polymer gel was vacuum dried at 100°C to obtain a mass of an 
ionomer (7 g), which was in a solid state at room temperature. 

The neutralization titration confirmed that the copolymer contained 41 mole % of the vinyl ethersulfbnic acid. 
The molecular weight of the copolymer was about 1 1 0,000 when it was calculated from the measured iodine value. 

2.4) The ionomer (5 g) obtained in the step 2.3 was dissolved in pure water (30 ml), and ammonium persulfate (5 
mg) was added to the solution. Then, the solution was charged in a 60 ml glass-made pressure autoclave equipped 
with a stirrer. After thoroughly deoxidizing the interior of the system, a perfluorovinyl ether (CF^CFOC^Fy) (3 g) 
was injected, and then the autoclave was pressurized with tetrafluoroethylene up to 10 kg/crrr*G. Thereafter, the 
mixture was heated up to 70°C while stirring, and immediately the pressure started to drop. The polymerization was 
terminated when the mixture became white turbid by the visual inspection, and thus a dispersion containing a slight 
amount of precipitates was obtained. 



[0040] When the dispersion was treated with 2N hydrochloric acid, a white muddy precipitate formed. The precipi- 
tate was sufficiently washed with water to remove the white turbid water-soluble material. Then, the water-insoluble 
material was dried at 100°C for 12 hours to obtain white particles (6.5 g). 

[0041 ] The particles had an endothermic peak at 275°C, when it was analyzed with a differential scanning calorim- 
eter (DSC). When the particles were heat pressed at 280°C, a slightly pink transparent sheet was obtained. This sheet 
was not dissolved in water, or hardly swelled with water. When it is dipped in 2N hydrochloric acid, it can easily be con- 
verted to a -S0 3 H type sheet. Furthermore, when it is dipped in an aqueous solution of sodium hydroxide, it can easily 
be converted to a -S0 3 Na type sheet 

[0042] The backbone of this polymer was assumed to be an A-B-A block polymer from the principle of the iodine- 
transfer polymerization (A being a crystalline random copolymer segment of tetrafluoroethylene and a perfluorovinyl 
ether, and B being an amorphous random copolymer segment of tetrafluoroethylene and a vinyl ethersurfonic acid). 

Claims 



1 . A process for the preparation of a vinyl ethersulfonic acid derivative comprising the steps of: 



converting a compound of the formula (1): 
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FS0 2 CFXCF 2 0(CFXCF 2 0) n CF(CF 2 Y)COF (1) 

wherein X is a fluorine atom, a chlorine atom or a trifluoromethyl^roup, Y is a fluorine atom, a chlorine atom, 
a bromine atom or an iodine atom, and n is a number of 0 to 5, to a compound of the formula (2): 

5 

MOS0 2 CFXCF 2 0(CFXCF 2 0) n CF(CF2Y)COOM 1 (2) 

wherein X, Y and n are the same as defined above, and M and M 1 independently represent an alkali metal 
atom or an alkaline earth metal atom, 
10 and 

pyrolyzing a compound of the formula (2) at a temperature of 1 50 to 250°C to obtain a compound of the formula 
(3): 



15 



MOS0 2 CFXCF 2 0(CFXCF 2 0) n CF=CF 2 (3) 
wherein X, M and n are the sane as defined above. 
2. A process according to claim 1 , wherein n is 0, 1 or 2. 
20 3. A process according to claim 1 , wherein said pyrolysis is carried out in the presence of an inert solvent. 

4. A process according to any one of claims 1 to 3, wherein a vinyl ethersulfonic acid derivative of the formula (4): 

AS0 2 CF 2 CF 2 OCFs=CF 2 (4) 

25 

wherein A is a group: -OM in which M is the same as defined above, a hydroxyl group or a fluorine atom 
using a compound of the formula (I) in which X is a fluorine atom, n is 0 and Y is a fluorine atom, as a starting com- 
pound. 

30 5. A process of the preparation of a block polymer comprising the steps of: 
copolymerizing a vinyl ethersulfonic acid derivative of the formula (3): 

AS0 2 CFXCF 2 0(CFXCF 2 0) n CF=CF 2 (3) 

35 

wherein X, A and n are the same as defined above 

with at least one monomer selected from the group consisting of fluoroolef ins and olefins in the presence of a 

perfluoroalkylene diiodide to obtain a copolymer, 

and 

40 copolymerizing at least one monomer selected from the group consisting of fluoroolefins and olefins in the 

presence of the copolymer obtained in the previous step. 

6. A block copolymer which is prepared by a process as claimed in claim 5 and has a molecular weight of 5 x 10 3 to 
3x10 6 . 

45 
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